This article focuses on the geographical distribution and habitats of the invader freshwater snail species Physa acuta as reflected by samples taken from 758 collection sites on record in the database of the National Freshwater Snail Collection (NFSC) at the Potchefstroom Campus of the North-West University. This species is currently the second most widespread alien invader freshwater snail species in South Africa. The 121 different loci ( 1 / 16 -degree squares) from which the samples were collected, reflect a wide but discontinuous distribution mainly clustered around the major ports and urban centres of South Africa. Details of each habitat as described by collectors during surveys were statistically analysed, as well as altitude and mean annual air temperatures and rainfall for each locality. This species was reported from all types of water-bodies represented in the database, but the largest number of samples was recovered from dams and rivers. Chi-square and effect size values were calculated and an integrated decision tree constructed from the data which indicated that temperature, altitude and types of water-bodies were the important factors that significantly influenced the distribution of P. acuta in South Africa. Its slow progress in invading the relatively undisturbed water-bodies in the Kruger National Park as compared to the recently introduced invader freshwater snail species, Tarebia granifera, is briefly discussed.
Introduction
Physa acuta was not mentioned in the monograph by Connollyi (1939) after an in-depth revision of extensive mollusc material collected by himself and many other researchers in South Africa. Although the oldest record of Physa acuta in the National Freshwater Snail Collection (NFSC) dates back to 1954 from the Umsindusi River (KwaZulu-Natal), the first report in print for South Africa was established in 1964 by Van Bruggen (1964) from a single locality in Pretoria. Since then it has invaded many water-bodies in several river systems in South Africa (Hamilton-Attwell et al., 1970; De Kock et al., 1989; Appleton, 2003) and is currently considered the second most widespread alien invasive freshwater snail species in this country. In their review of introduced freshwater snails worldwide, Madsen and Frandsen (1989) concluded that the aquarium trade was probably to blame for the distribution of several of the common species, including P. acuta, a view supported by Appleton (2003) in his account of the alien and invasive freshwater gastropods in South Africa. Physa acuta which is widespread in water-bodies of the old world may have originated in North America and has become invasive on 4 continents (Appleton, 2003) . According to Dillon et al. (2002) the identification of a new-world cognate has been complicated by the confused systematics and taxonomy of the Physidae in America and more than 40 species of physids are currently recognised in the United States. However, in the course of their research these authors were unable to detect evidence of reproductive isolation among six populations of snails from two continents and came to the conclusion that all should be referred to the oldest available nomen, P. acuta. On the strength of results of a taxonomic study by Hamilton-Attwell et al. (1970) , the 200 samples of Physidae on record in the database of the NFSC at that stage, were identified as P. acuta. The remainder of the total number of 758 samples on record in the database for this species were also subsequently identified as P. acuta.
The first report in print of the presence of Aplexa marmorata, another species of the physid family in South Africa, was by Appleton et al. (1989) from specimens collected near Durban, KwaZulu-Natal in 1986. According to Appleton (2003) it has since then become widespread in the Durban area. The presence of A. marmorata was also established in 11 water-bodies in surveys conducted in the Kruger National Park since 1995 (De Kock and Wolmarans, 1998; De Kock et al., 2002; Wolmarans and De Kock, 2006) . According to Appleton and Dana (2005) this invader species could have been introduced to Mozambique a century earlier than its first discovery in South Africa. The shell of A. marmorata can quite easily be confused with that of P. acuta; however, the posterior end of the foot of A. marmorata is darkly pigmented and pencil-like and its copulatory organ differs from that of P. acuta in that it does not have a conspicuous, externally visible preputial gland (Appleton et al., 1989) .
Extensive research has been done in South Africa on several aspects of the biology of P. acuta (Appleton and Brackenbury, 1989; Appleton and Branch, 1989; Brackenbury and Appleton, 1991); Brackenbury and Appleton, 1993) . The geographical distribution of this species in South Africa was reported by Hamilton-Attwell et al. (1970) and updated by De Kock et al. (1989) .
By comparison with the freshwater snail genera Bulinus and Biomphalaria which are well-known intermediate hosts of human and animal diseases, P. acuta is rather innocuous having no role in transmission of any significant snail-borne disease. However, due to its superior reproductive capacity (Appleton and Brackenbury, 1998) , ability to migrate upstream (Appleton and Branch, 1989) and to quickly recolonise a water-body (Brackenbury and Appleton, 1993) , amongst others, this species could have a negative impact on indigenous freshwater molluscs in particular and on the biodiversity of freshwater habitats in general. This paper focuses on the geographical distribution and habitats of P. acuta currently on record for South Africa in the NFSC database.
Methods
Details of the habitats of all samples of P. acuta that could be located on a 1:250 000 topo-cadastral map series of South Africa, dating from 1956 until 2007, were extracted from the NFSC database. The number of loci ( 1 / 16 square degrees) in which the collection sites were located, was distributed in intervals of mean annual air temperature and rainfall, as well as intervals of mean altitude, to illustrate the frequency of occurrence of this species within specific intervals. Rainfall, temperature and altitude data were obtained in 2001 from the Computing Centre for Water Research, University of KwaZuluNatal (disbanded since). A temperature index was calculated for all mollusc species in the database from their frequencies of occurrence within the selected temperature intervals and the results used to rank them in order of association with low to high climatic temperatures. The method of calculation is discussed in detail in our earlier publications (De Kock and Wolmarans, 2005a; b) . Chi-square values were calculated to determine the significance in difference between the frequency of occurrence in, on, or at the different options for each variable, such as type of water-body, type of substratum or temperature interval. In addition an effect size (Cohen, 1977) was calculated for all the different variables discussed in this paper. The effect size is an index which measures the degree of discrepancy between the frequency distribution of a given species in the set of alternatives for a given variable such as water-bodies, as compared to the frequency distribution of all other mollusc species in the database in the set of alternatives for the same variable (Cohen, 1977) . According to this author values for this index in the order of 0.1 and 0.3 indicate small and moderate effects respectively, while values in the order of 0.5 and higher indicate practically significant large effects. More details of the significance and interpretation of specific values calculated for this statistic in a given situation, is discussed in our earlier publications (De Kock and Wolmarans, 2005a; b) .
An integrated decision tree (Breiman et al., 1984) was also constructed from the data. This statistical model enables the selection and ranking of those variables that can maximally discriminate between the frequency of occurrence of a given species under specific conditions when compared to all other species in the database. This was accomplished by making use 
Results
The 758 samples of P. acuta that could be pinpointed on our maps were collected from 121 different loci of which 57 were reported earlier by Hamilton-Attwell et al. (1970) and an additional 43 by De Kock et al. (1989) (Fig. 1 ). Although this species was reported from all types of water-bodies represented in our database, the largest number of samples was collected in dams (253) and rivers (162) ( Table 1) . However, the samples recovered from irrigation furrows (5.3%), water-holes (4.9%), channels (4.7%) and ditches (3.8%) each represented a higher percentage of the total number of collections of any mollusc species in a specific water-body (Table 1 ). The frequency of occurrence of P. acuta in dams differed significantly from all the other types of water-bodies except from pans, ponds, rivers and swamps (chisquare values ranging from χ=34.18, df =1; p<0.05 to χ=7.52, df =1; p<0.05). • loci reported by Hamilton-Attwell et al. (1970) ▲ loci reported by De Kock et al. (1989) ♦ loci recorded in the database of the NFSC since 1989 
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The largest number of samples by far was reported from habitats in which the water conditions were described as perennial, standing, clear and fresh (Table 2 ) and the presence of aquatic vegetation was recorded for 80.7% of the sampling sites. Its frequency of occurrence in habitats with perennial water differed significantly from that in seasonal water (p<0.05) and a significant difference was likewise found between frequencies of occurrence in clear water as compared to the number of times it was reported from habitats with muddy water.
Although the frequency of occurrence reported for habitats with a stony substratum (232) was less than for habitats with a muddy substratum (247) it represented a higher percentage (2.9%) of the total number of collections of any mollusc species in habitats with a specific substratum (Table 3) . A significant difference could therefore be indicated between the frequencies of occurrence of this species in habitats with these two types of substrata (χ=21.75, df =1; p<0.05).
The largest number of samples was recovered from habitats with loci falling within the 16 to 20˚C temperature interval (720) and this also represented a higher percentage (3.0%) of the total number of collections within a specific interval (Table 4 ). The frequency of occurrence within this temperature interval therefore differed significantly from the interval ranging from 21 to 25˚C (χ=57.73, df =1; p<0.05). Regarding rainfall, 58.4% of the samples were recovered from loci falling within the interval ranging from 601 to 900 mm. However, the 296 samples falling within the interval ranging from 301 to 600 mm represented a marginally higher percentage (2.5%) of the frequency of occurrence of any mollusc species within a specific interval. No significant difference could be shown between the frequencies of occurrence of habitats falling within these two rainfall intervals (χ=1.75, df =1; p>0.05). The majority of samples (582) were recovered from sites falling within the altitude interval ranging from 1 001 to 1 500 m and its frequency of occurrence within this interval differed significantly from all the other altitude th out of 53 species in respect of its association with low temperatures and the effect sizes indicated that this species differed significantly (w=/>0.5) in this regard from 38 of the other species (Table 5 ). The effect size values calculated for all the other parameters to determine the possible effect they could have had on the geographical distribution of P. acuta as depicted in Fig. 1 , are presented in Tables 1 to  4 . From these values it can be deduced that altitude, temperature and type of water-body played an important role in this respect (w= />0.5). These findings are supported by the results of the decision tree analysis (Fig. 2) which selected the same 3 factors as being important in establishing the geographical distribution of this species as reflected by the samples in the NFSC database.
Discussion
The decision-tree analysis grouped dams, rivers and streams together and indicated that the frequency of occurrence of P. acuta in these three types of water-bodies in the temperature interval ranging from 16 to 20˚C and the altitude interval ranging from 1 001 to 1 500 m differed significantly from all the other types of water-body (Fig. 2) . This supports the statement by Brown (1994) that P. acuta is particularly common in both stagnant and flowing waters. An important attribute to exploit both lotic and lentic water-bodies is its relatively high tolerance of current velocities reported by Appleton (2003) . It is therefore not surprising that a considerable number of samples of P. acuta in our database were recovered from water-bodies with current velocities ranging from slow to fast flowing ( Table 2 ). The apparent lack of any association with submerged aquatic vegetation (Appleton, 2003) is supported by the fact that 36 of the samples in the NFSC database were collected in habitats reported to be without any higher vegetation. However, P. acuta commonly occurs on the roots of floating water hyacinths (Eichhornia crassipes) in backwaters of the Vaal River as observed during regular excursions with our students.
Although coordinated, extensive freshwater snail surveys by government and local health authorities were discontinued during the early 1980s, samples of P. acuta from 21 new loci were recorded in the NFSC database since the report by De Kock et al. (1989) (Fig. 1) . One reason for its success as invader is suggested to be its high fecundity rate reported by Appleton and Brackenbury (1989) which proved to be superior to that of several common indigenous pulmonates, including Bulinus tropicus which is considered to be the most widespread freshwater snail in South Africa (De Kock et al., 2002) . Physa acuta has become one of the most abundant snail species in the Vaal River over the past decade and has also been recovered in several small waterbodies within the Potchefstroom Municipal boundaries (NorthWest Province); however, it has not yet been found in the Mooi River (a tributary of the Vaal River) which meanders through Potchefstroom. This is rather surprising in view of its capability to migrate rapidly upstream as established by Appleton and Branch (1989) in the Liesbeeck River (Western Cape Province). Its slow progress in invading the Kruger National Park, as compared to other invasive snail species, was also observed by the authors during the surveys mentioned earlier. This could possibly be explained by the fact that P. acuta, commonly known as the 'sewage snail', seems to have difficulty in establishing itself far away from human activities and in Africa is associated with polluted water (Brown, 1994) . From their studies in the Umsindusi River (KwaZulu-Natal) Brackenbury and Appleton (1993) concluded that P. acuta is better equipped than the indigenous snail species for establishing itself in newly disturbed habitats and may have become, like other invasives, a species associated with man. This could account for its absence in the relatively less disturbed habitats in the Mooi River and also for its slow progress in invading the water-bodies in the Kruger National Park where the impact of human activities is relatively small.
Scrutiny of the results in Table 5 shows that the most successful alien invader freshwater snail species in South Africa, L. columella (De Kock et al., 1989) was recovered from habitats located in loci falling within four of the temperature intervals, while the samples of P. acuta were recorded from only two of these intervals. Whether this reflects a narrower tolerance range in respect of temperature than that of L. columella and therefore could possibly have contributed to its more limited geographical distribution in South Africa than that of the latter species, needs further investigation. In spite of a number of attributes contributing towards its success as an invader, amongst others a superior and adaptable reproductive ability, tolerance of higher current velocities than its indigenous counterparts (Brackenbury and Appleton, 1993) and rapid directional movement (Appleton 2003) , the results of a recent study to establish the progress of alien invasive snail species in the Kruger National Park suggest that P. acuta might be a less aggressive invader than either Aplexa marmorata or Tarebia granifera (De Kock and Wolmarans, 2007) . In view of the alarming progress that T. granifera has been making in invading water-bodies in the Kruger National Park, as observed by the authors during the surveys mentioned earlier and in KwaZulu-Natal (Appleton, 2005) since its presence in South Africa was first reported by Appleton and Nadasan (2002) , its ecological impact could be far greater than that of P. acuta that has been present in South Africa for more than 6 decades.
The asynchronous nature of the collected material in the database could have an impact upon ecological variables and could confound some of the observations and conclusions drawn from the data. It is therefore unfortunate that the large-scale and routine coordinated snail surveys conducted in South Africa by state and local health authorities were discontinued in the early 1980s. At this point in time nobody really knows whether the intermediate host snails of medically and veterinary important parasitic diseases such as schistosomiasis and fascioliasis have extended the range of their geographical distribution in South Africa. Serious efforts should also be made to keep track of the progress made in their invasion of new water-bodies by the number of introduced alien mollusc species already present in South Africa. From the results of routine surveys, the database of the NFSC could be updated and monitoring of economically important snail-borne diseases at public health levels could also be facilitated.
